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SYSTEMS AND METHODS FOR
CONTROLLING A TRAILER SEPARATELY
FROM A VEHICLE

TECHNICAL FIELD

The subject matter described herein relates, 1n general, to
controlling a trailer without a physical connection to a
vehicle, and, more particularly, to improving the task of
maneuvering a trailer by providing a human machine inter-
tace (HMI) within the vehicle to control trailler movements.

BACKGROUND

Drivers may encounter difliculties when towing a trailer,
such as reversing and parking the trailer. To reverse or park
a trailer, a driver typically inputs steering controls within the
vehicle opposite to how the vehicle 1itself reverses to have
the trailer move 1n an intended manner. Thus, the driver
maneuvers the vehicle using opposing controls to what may
be otherwise intuitive, thereby resulting in difliculties with
accurately controlling the trailer during such a maneuver. In
general, the further awareness 1s developed by the vehicle
about a surrounding environment, the better a driver can be
supplemented with information to assist in driving and/or
the better an autonomous system can control the vehicle to
avold hazards.

Current approaches exist to simplily reversing a trailer,
such as assistance systems that guide the driver to input
controls, which reduces the trial and error of adjusting the
traller. However, such approaches still involve a physical
connection between the trailer and the vehicle, resulting 1n
the driver attempting to translate movements of the vehicle
into reverse movements of the trailer while also perceiving
the surroundings.

SUMMARY

Example systems and methods disclosed herein relate to
improving control of a trailer. As previously noted, a physi-
cal connection between a vehicle and a trailer results 1n
difficulty maneuvering when performing reversing maneu-
vers. For example, reversing the trailer involves moving the
vehicle opposite to the trailer to achieve a proper trajectory
for some maneuvers. Therefore, the physical connection
between the vehicle and trailer makes reversing a trailer feel
unnatural to a driver.

Therefore, 1n one embodiment, a system 1s disclosed that
improves controlling a trailer by removing the presence of a
physical connection and providing the driver with an easier
way to control the movements of the trailer through the use
of a human machine mterface (HMI) within the vehicle such
as the steering wheel, a knob, touch screen, or the like.
Further, in one approach, the driver can control the move-
ments of the trailer through the use of a remote device, such
as a phone, remote control, or the like. Eliminating the
physical connection between the vehicle and trailer allows
for the driver to maneuver the trailer also independently of
the vehicle. In one approach, the trailer 1s able to move
freely, without the need for a physical connection, by
selectively activating at least one front wheel 1n addition to
rear wheels of the trailer. In one approach, a driver mnitiates
traller maneuvering from inside the vehicle and then using
an mput device of the vehicle, such as the steering wheel to
independently control the vehicle. Initiating trailer maneu-
vering establishes a wireless connection between the vehicle
and trailer and disconnects any physical connection then-
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existing between the vehicle and trailer. When the dniver
initiates trailer maneuvering, the vehicle remains stationary
and separated from the trailer, thereby avoiding the awkward
mirrored control inputs when directly controlling the trailer
through a physical connection. Instead, the vehicle commu-
nicates movements to the trailer according to maneuvers
received via an electronic imput device, such as driving
inputs of the vehicle (e.g., a steering wheel, a brake pedal,
an accelerator pedal, and so on).

The trailer receives the control mputs via the wireless
connection and translates the control mputs into specific
controls for operating the trailer that cause the trailer to
move 1n accordance with the defined movements. Accord-
ingly, the trailer 1s capable of reversing, accelerating, brak-
ing, steering, and the like. During the maneuvering of the
trailer, the vehicle receives feedback from trailer sensors
regarding the movements of the trailer. The feedback may be
in the form of 1images or video, which provides, for example,
real-time footage of the trailer’s movements. The feedback
informs subsequent trailer maneuvers to move the trailer
into a desired position. When the trailer 1s 1n the desired
position, the system disengages trailler maneuvering by
sending a stop request to the trailer. In this way, the system
improves maneuvering of the trailer by facilitating an over-
all driver experience when reversing a trailer by providing a
wireless control mechanism to simplily maneuvering the
trailer while the trailer 1s not physically connected with the
vehicle.

In one embodiment, a system 1s disclosed. The system
includes one or more processors and a memory commuini-
cably coupled to the one or more processors. The memory
stores a control module including instructions that, when
executed by the one or more processors, cause the one or
more processors to, i response to receiving a signal to
initiate hitchless maneuvering of a trailer separately from a
controlling vehicle, acquire control inputs to maneuver the
trailer from an input device within the controlling vehicle.
The control module includes nstructions to communicate,
from the controlling vehicle to the trailer, the control inputs
to maneuver the trailer. The control module includes instruc-
tions to, 1n response to receiving feedback from the trailer
indicating the trailer 1s within a requested position, send a
control signal to stop the trailer.

In one embodiment, a non-transitory computer-readable
medium including mstructions that when executed by one or
more processors cause the one or more processors to per-
form one or more functions 1s disclosed. The instructions
include instructions to, responsive to receiving a signal to
initiate hitchless maneuvering of a trailer separately from a
controlling vehicle, acquire control 1inputs to maneuver the
trailer from an input device within the controlling vehicle.
The 1nstructions include nstructions to communicate, from
the controlling vehicle to the trailer, the control inputs to
maneuver the trailer. The instructions include instructions to
responsive to receiving feedback from the trailer indicating
the trailer 1s within a requested position, send a control
signal to stop the trailer.

In one embodiment, a method i1s disclosed. In one
embodiment, the method 1ncludes, 1n response to receiving
a signal to iitiate hitchless maneuvering of a trailer sepa-
rately from a controlling vehicle, acquiring control inputs to
maneuver the trailer from an mput device within the con-
trolling vehicle. The method includes communicating, from
the controlling vehicle to the trailer, the control 1nputs to
maneuver the trailer. The method includes 1 response to
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receiving feedback from the trailer indicating the trailer 1s
within a requested position, sending a control signal to stop
the trailer.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate various
systems, methods, and other embodiments of the disclosure.
It will be appreciated that the illustrated element boundaries
(e.g., boxes, groups of boxes, or other shapes) in the figures
represent one embodiment of the boundaries. In some
embodiments, one clement may be designed as multiple
clements or multiple elements may be designed as one
element. In some embodiments, an element shown as an
internal component of another element may be implemented
as an external component and vice versa. Furthermore,
clements may not be drawn to scale.

FIG. 1 1llustrates one embodiment of a vehicle within
which systems and methods disclosed herein may be imple-
mented.

FIG. 2 illustrates one embodiment of a trailer system that
1s associated with improving vehicle control of trailer
maneuvering.

FIG. 3 illustrates one embodiment of a trailer within
which systems and methods disclosed herein may be imple-
mented.

FIG. 4 1s a flowchart illustrating one embodiment of a
method associated with improving control of trailer maneu-
vering.

FIG. 5 1s a flowchart illustrating one embodiment of a
method associated with a trailer maneuvering based on
vehicle controls.

FIG. 6 1llustrates a parking sequence associated with a
trailer being wirelessly maneuvered by a vehicle.

FIG. 7 illustrates an iterior view of a vehicle, mput
devices used to control a trailer, and a display system of the
vehicle.

DETAILED DESCRIPTION

Systems, methods, and other embodiments associated
with improving vehicle control over trailer maneuvering by
providing the driver with an improved way to control the
movements of the trailer through the use of a human
machine interface (HMI) within the vehicle are disclosed
herein. As previously noted, reversing a trailer while 1t 1s
physically connected to a vehicle presents dithiculties for
drivers. When a driver reverses a trailer while 1t 1s physically
connected to the vehicle, the driver maneuvers the vehicle to
control the trailer using opposing controls to what may be
otherwise mtuitive. For example, 1f the driver wants the
trailer to reverse to the left, the driver needs to turn the
steering wheel to the right to move the trailer to the left when
reversing. Further, when the driver maneuvers a trailer into
a parking spot, difhiculties arise with aligning the trailer
properly within the boundaries of the parking spot since 1t 1s
difficult to see and control the movements of the trailer from
within the vehicle.

Therefore, 1n one embodiment, a system 1s disclosed that
improves controlling a trailer by disconnecting a physical
connection and providing the driver with an improved way
to control the movements of the trailer. The driver can use
a human machine interface (HMI) within the vehicle such as
the steering wheel, a knob, touch screen, or the like to
control the trailer. The driver can also use a remote device,
such as a phone, remote control, or the like to control the
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trailer. Disconnecting the vehicle and trailer allows for the
driver to maneuver the trailer independently of the vehicle.
In this way, the driver focuses on controlling the movements
of the trailer without also controlling and considering the
movements of the vehicle. In one or more arrangements, the
trailer moves Ireely, without the need for a physical con-
nection, by activating a front mobility component such as,
for example, a front wheel or gyroscope. The mobility
component may drop down from a retracted position to the
ground upon initiating hitchless trailer maneuvering within
the vehicle. Activating the front wheel facilitates trailer
movement 11 the trailer typically operates on two rear wheels
when connected to the vehicle.

In one approach, a driver initiates hitchless trailer maneu-
vering from inside the vehicle. Imitiating hitchless trailer
maneuvering may include using, for example, a touchpad or
button within the vehicle specifically tailored to imtiate
hitchless trailer maneuvering. Then, using an input device of
the vehicle, such as the steering wheel, accelerator/braking
pedals, a knob, touch screen, or the like, a driver can
independently control the trailer. Initiating hitchless trailer
maneuvering establishes a wireless connection between the
vehicle and trailer and disconnects a physical connection
then-existing between the vehicle and trailer. In one embodi-
ment, the physical connection 1s disconnected by autono-
mously unlatching a hitch connecting the vehicle and the
trailer. In one approach, a driver manually disconnects any
physical connection then-existing. In this way, the system
improves maneuvering of the trailer by providing a wireless
control mechanism to simplily maneuvering the trailer while
the trailer 1s not physically connected with the vehicle.

When the driver imitiates hitchless trailer maneuvering,
the vehicle remains stationary and separated from the trailer,
thereby avoiding the awkward mirrored control inputs when
directly controlling the trailer through a physical connection.
Instead, the vehicle communicates movements to the trailer
according to maneuvers received via an electronic input
device, such as driving inputs of the vehicle (e.g., a steering
wheel, a brake pedal, an accelerator pedal, and so on). For
example, when the driver turns the steering wheel to the left,
a steering mechanism of the trailer causes the trailer to turn
left, and 11 the driver mitiates the brake pedal, the trailer
brakes. The vehicle may also communicate speed and accel-
cration controls to the ftrailer according to maneuvers
received from driving inputs of the vehicle. Therefore, in
one approach, the driver maneuvers the trailer as 11 the driver
1s maneuvering the vehicle itself.

The trailer recerves the control mputs via the wireless
connection and translates the control mputs into specific
controls for operating the trailer that cause the trailer to
move 1n accordance with the control inputs. Accordingly, the
trailer 1s capable of reversing, accelerating, braking, steer-
ing, and the like. Further, the trailer 1s capable of moving 1n
the forward direction to allow for the driver to adjust the
position of the trailer as 1t reverses 1nto a particular position,
such as a parking space. The driver may control whether the
trailer 1s reversing or travelling forward using input controls
within the vehicle such as a touch screen or button(s).

While control mputs are communicated to the trailer, the
vehicle recerves feedback from trailer sensors regarding the
movements of the trailer. The feedback 1s, in one approach,
in the form of 1images or video, which provides, for example,
real-time footage of the trailer movements. Displays within
the vehicle, such as a heads up display (HUD), augmented
reality (AR), a touchscreen, or the like show the real-time
footage of the movements of the trailer. The real-time
footage informs subsequent trailer maneuvers to move the
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trailer nto a desired position. When the trailer 1s 1n a desired
position, the system disengages trailer maneuvering by
sending a stop request to the trailer. An HMI device (e.g., a
touchscreen, a button, etc.) receives manual control mputs
from a driver. Alternatively, the system automatically sends
the stop request upon the trailer successiully maneuvering in
between the boundaries of, for example, a parking space.
After traller maneuvering 1s disengaged, the vehicle 1s free
to travel without the trailer connected. In this way, the
system 1mproves maneuvering ol the trailer by facilitating
an overall driver experience when reversing a trailer through
the use of a wireless control mechanism while the trailer 1s
not physically connected with the vehicle.

Referring to FIG. 1, an example of a vehicle 100 1s
illustrated. As used herein, a “vehicle” 1s any form of
motorized transport. In one or more implementations, the
vehicle 100 1s an automobile. While arrangements will be
described herein with respect to automobiles, 1t will be
understood that embodiments are not limited to automobiles.
In one arrangement, the vehicle 100 includes a physical
connection point (e.g., a ball) to which a trailer may be
attached using, for example, a hitch for towing. In further
aspects, the vehicle 100 also includes components that
tacilitate wireless communications between the vehicle 100
and trailer such as a wireless communication link through
which the vehicle 100 links to trailer systems such as
signaling systems, braking systems, sensor systems, and so
on of the trailer. Accordingly, in various approaches, the
vehicle 100 can control the noted systems of the trailer via
the wireless communication link and/or acquire information
from the systems.

The vehicle 100 also includes various elements. It will be
understood that 1n various embodiments 1t may not be
necessary for the vehicle 100 to have all of the elements
shown 1n FIG. 1. The vehicle 100 can have any combination
of the various elements shown 1n FIG. 1. Further, the vehicle
100 can have additional elements to those shown 1n FIG. 1.
In some arrangements, the vehicle 100 may be implemented
without one or more of the elements shown 1n FIG. 1. While
the various elements are shown as being located within the
vehicle 100 in FIG. 1, 1t will be understood that one or more
ol these elements can be located external to the vehicle 100.
Further, the elements shown may be physically separated by
large distances. For example, as discussed, one or more
components of the disclosed system can be implemented
within a vehicle while further components of the system are
implemented within a cloud-computing environment or
other system that 1s remote from the vehicle 100.

Some of the possible elements of the vehicle 100 are
shown 1n FIG. 1 and will be described along with subsequent
figures. However, a description of many of the elements 1n
FIG. 1 will be provided after the discussion of FIGS. 2-7 for
purposes of brevity of this description. Additionally, 1t waill
be appreciated that for sitmplicity and clarity of illustration,
where appropriate, reference numerals have been repeated
among the different figures to indicate corresponding or
analogous elements. In addition, the discussion outlines
numerous specific details to provide a thorough understand-
ing of the embodiments described herein. Those of skill 1n
the art, however, will understand that the embodiments
described herein may be practiced using various combina-
tions of these elements. In either case, the vehicle 100
includes a trailer system 170 that 1s implemented to perform
methods and other functions as disclosed herein relating to
improving trailer control from within the vehicle.

With reference to FIG. 2, one embodiment of the trailer
system 170 of FIG. 1 1s further illustrated. The trailer system
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170 1s shown as including a processor 110 from the vehicle
100 of FIG. 1. Accordingly, the processor 110 may be a part
of the trailer system 170, the trailer system 170 may include
a separate processor from the processor 110 of the vehicle
100, or the trailer system 170 may access the processor 110
through a data bus or another communication path. In one
embodiment, the trailer system 170 includes a memory 210
that stores a control module 220. The memory 210 1s a
random-access memory (RAM), read-only memory (ROM),
a hard-disk drive, a flash memory, or other suitable memory
for storing the control module 220. The control module 220
1s, for example, computer-readable instructions that when
executed by the processor 110 cause the processor 110 to
perform the various functions disclosed herein.

With reference to FIG. 2, the control module 220 gener-
ally includes instructions that function to control the pro-
cessor 110 to 1dentity control inputs from one or more 1mnput
devices of the vehicle 100. The control mputs are, in one
embodiment, control mnputs entered by an occupant (e.g., a
driver or a passenger) within the vehicle 100. As provided
for herein, the control module 220, in one arrangement,
acquires control mput data 240 from an mmput device that
includes at least control mputs to maneuver a trailer longi-
tudinally and laterally. Further, the control mputs may
control other trailer functions (e.g., trailer lights, parking
brakes, trailer speed, etc.) The mput device may include an
input device such as a steering wheel, a knob, a button, a
touchscreen, a brake pedal, an accelerator pedal, and so on.

With reference to FIG. 2, the control module 220 gener-
ally includes instructions that function to control the pro-
cessor 110 to receive data mputs from one or more sensors
of the vehicle 100 and a ftrailer. The inputs are, 1n one
embodiment, observations of one or more objects 1 an
environment proximate to the vehicle 100 and/or other
aspects about the surroundings. As provided for herein, the
control module 220, in one embodiment, acquires sensor
data 250 that includes at least camera 1mages. In further
arrangements, the control module 220 acquires the sensor
data 250 from further sensors such as a radar 123, a LiDAR
124, and other sensors as may be suitable for identifying
vehicles and locations of the vehicles.

Accordingly, the control module 220, in one embodiment,
controls the respective sensors to provide the data mputs 1n
the form of the sensor data 250. Additionally, while the
control module 220 1s discussed as controlling the various
sensors to provide the sensor data 250, in one or more
embodiments, the control module 220 can employ other
techniques to acquire the sensor data 250 that are either
active or passive. For example, the control module 220 may
passively snifl the sensor data 250 from a stream of elec-
tronic information provided by the various sensors to further
components within the vehicle 100. Moreover, the control
module 220 can undertake various approaches to fuse data
from multiple sensors when providing the sensor data 250
and/or from sensor data acquired over a wireless commu-
nication link. Thus, the sensor data 250, 1n one embodiment,
represents a combination of perceptions acquired from mul-
tiple sensors.

The sensor data 250 may include, for example, informa-
tion about lane markings, parking space boundaries, and so
on. Moreover, the control module 220, in one embodiment,
controls the sensors to acquire the sensor data 250 about an
area that encompasses 360 degrees about the vehicle 100
and trailer 1n order to provide a comprehensive assessment
of the surrounding environment of the vehicle 100 and
trailer. Of course, 1n alternative embodiments, the control
module 220 may acquire the sensor data about a reverse
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direction alone when, for example, the vehicle 100 1s not
equipped with further sensors to include additional regions
about the vehicle 100 and trailer and/or the additional
regions are not scanned due to other reasons.

Moreover, in one embodiment, the trailer system 170 5
includes a data store 230. In one embodiment, the data store
230 1s a database. The database 1s, 1n one embodiment, an
clectronic data structure stored in the memory 210 or
another data store that 1s configured with routines that can be
executed by the processor 110 for analyzing stored data, 10
providing stored data, organizing stored data, and so on.
Thus, 1n one embodiment, the data store 230 stores data used
by the control module 220 1n executing various functions.

In one embodiment, the data store 230 includes control
input data 240. For example, the control input data 240 can 15
include control mputs such as steering controls, braking
controls, and speed controls. In one arrangement, the data
store 230 further includes other information that 1s used by
the control module 220. The discussion will now shift to
FIG. 3 to further explain how the control module 220 20
implements various controls to maneuver a trailer.

With reference to FIG. 3, one embodiment of a trailer 310
1s 1llustrated. As used herein, a “trailer” includes at least two
rear wheels 330(a) and 330(b) and 1s capable of connecting,
to a vehicle with a physical connection (e.g., a hitch). In one 25
or more 1mplementations, the trailer 310 has at least one
front mobility component 320. The mobility component 320
1s, for example, a wheel, gyroscope, or another device
capable of facilitating movement of the trailer 310 when
disconnected from a towing vehicle. In one embodiment, the 30
mobility component 320 drops down and extends to the
ground beneath the trailer 310 upon receiving a signal from
the control module 220 or in response to the physical
connection between the trailer 310 and the vehicle 100
disconnecting. The trailer 310 includes a trailer response 35
system 350 with a response module 360 that generally
functions to execute nstructions received from the control
module 220 for remotely maneuvering the trailer 310. In one
arrangement, the trailer response system 3350 also includes a
sensor system. The sensor system may include sensors 40
capable of capturing 1image data and/or other observations of
the surroundings of the trailer 310 and information about the
trailer 310 itself. The sensors may be, for example, cameras,
radars, light detection and ranging sensors (LiDARs), iner-
t1al measurement sensors (IMUSs), etc. Discussion will now 45
transition back to FIG. 2 to further explain how the control
module 220 communicates instructions to the trailer 310.

With retference to FIG. 2, the control module 220, 1n one
embodiment, 1s further configured to perform additional
tasks beyond controlling the respective sensors to acquire 50
and provide the sensor data 250 and beyond acquiring
control mnputs to 1identity and communicate the control input
data 240. For example, the control module 220 includes
instructions that cause the processor 110 to receive a signal
from an input device. The control module 220 initiates 55
hitchless maneuvering of the trailer according to the signal.

In one embodiment, the controlling vehicle 1s the vehicle
100, the trailer 1s the trailer 310, and the mput device
includes, for example, button(s) and a touch screen device or
another HMI device. The control module 220 acquires 60
control mput data 240 to i1dentily the signal that initiates
hitchless maneuvering, where the HMI generates and pro-
vides the signal when an occupant (e.g., a driver or a
passenger) ol the vehicle 100 manipulates, for example, a
button or a touch screen device located in the vehicle 100. 65

In response to receiving the signal to initiate hitchless

maneuvering, the control module 220 identifies whether a
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wireless connection exists between vehicle 100 and the
trailer 310. If a wireless connection does not exist, the
control module 220 establishes a wireless connection
between the vehicle 100 and the trailer 310. The control
module 220 may establish the wireless connection by using
a handshake process which includes the control module 220
identifying a beacon transmitted from the trailer 310 and
subsequently sending a secured message receivable by the
trailer 310.

Further, 1n response to receiving the signal to initiate
hitchless maneuvering, the control module 220 disconnects
a physical connection then-existing between the vehicle 100
and the trailer 310. In one embodiment, the control module
220 disconnects a physical connection by autonomously
unlatching a hitch connecting the vehicle and the trailer. In
a further approach, a driver manually disconnects a physical
connection then-existing. Moreover, 1n response to recerving
the signal to imtiate hitchless maneuvering, the control
module 220 renders the vehicle 100 stationary during trailer
maneuvering. In one embodiment, the control module 220
causes the vehicle 100 to remain stationary by parking the
vehicle 100 and disabling systems of the vehicle 100 that
maneuver the trailer 310 (e.g., braking systems, steering
systems, etc.).

The control module 220 identifies control inputs from the
input device to cause the trailer 310 to maneuver. In one
embodiment, the input device 1s, for example, a steering
wheel, a knob, button(s), and a touch screen device. In one
configuration, the input device 1s a remote device, such as a
phone or a remote control. The mmput device provides, as
control mputs, steering controls. Further, the mput device
may include, as control inputs, brake pedal movements and
accelerator pedal movements. The mput device may be used
to specily which longitudinal direction the trailer 310 moves
in (1.e., whether the trailler 310 will move forward or
reverse). As such, the control module 220 identifies control
inputs by acquiring mmputs from an input device.

The control module 220 communicates, from the vehicle
100 to the trailer 310, the control inputs to maneuver the
trailer 310 accordingly. In one or more arrangements, the
control module 220 translates the control inputs into com-
mands for controlling the trailer. That 1s, the control module
220 may 1dentity an intent of the control inputs and translate
the control mputs mto commands that are interpretable by
the trailer 310 for inducing movements therein. Moreover,
the control module 220, in at least one approach, forms the
communication using a particular protocol to encode the
commands such that the communication between the system
170 and the trailer 310 are secure from malicious interfer-
ence. In this way, the trailer system 170 remotely controls
the trailer 310 while the vehicle 100 remains stationary.

For example, 1 an occupant turns the steering wheel or a
knob capable of controlling the trailer 310 within the vehicle
100 to the left, the control module 220 communicates a left
turn command to the trailer 310. In response, the trailer 310
controls a steering mechanism of the trailer 310 that causes
the trailer 310 to turn left to the same degree 1n which the
occupant turns the steering wheel or knob. In one approach,
the HMI acquires control inputs responsive to an occupant
of the vehicle 100 turning the steering wheel or a knob to the
left while simultaneously applying pressure to the accelera-
tor pedal. In response, the trailer 310 steers to the left and
accelerates based on the amount the occupant presses the
accelerator pedal. In one embodiment, the occupant may use
a touch screen device or button(s) to input both speed and
steering controls for the processor 110 to communicate.
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The control module 220 receives feedback from the trailer
310. The trailer feedback may be displayed to an occupant
of the vehicle 100 using a display. The display may be a
heads-up display (HUD), an augmented reality (AR) display,
or another display device located within the vehicle 100 that
can display the feedback from the trailer 310. In any case,
the occupant can see how the trailer 310 is responding to
control inputs entered through the mput device on the
display. In one approach, the trailer feedback includes video
data and 1mage data retrieved from sensors located on the
trailer 310. The sensors may be located on exterior surfaces
ol the trailer 310 such as to capture an area that encompasses
360 degrees surrounding the trailer 310. For example, the
sensors may be located on a rear exterior surface of the
trailer 310, on the roof of the trailer 310, or above the rear
wheels 330(a) and 330(b) of the trailer 310. The sensors may
include cameras that capture real-time 1mage and video data
of the surroundings of the trailer 310. The control module
220 recerves the real-time 1mage and video data captured by
the sensors located on the trailer 310 and displays the
real-time 1mage and video data on, for example, a display
located within the vehicle 100.

In response to recerving the feedback from the trailer 310,
the control module 220 determines whether to disengage
hitchless maneuvering of the trailer 310. The control module
220 may automatically determine to disengage hitchless
maneuvering of the trailer 310 if the trailer 310 maneuvers
into a requested position such as, for example, between the
boundaries of a parking space and 1s laterally centered
between the boundaries of the parking space. The control
module 220 may automatically determine to disengage
hitchless maneuvering of the trailer 310 11 the trailer 310
begins to position 1n a matter that satisfies parking critenia
defined by the trailer system 170. For example, the control
module 220 can pre-emptively prepare a stop signal to send
to the trailer 310 if the trailer 310 becomes positioned
between the requested position, the requested position being,
between the boundaries of a parking space. Moreover, such
preemptive action by the control module 220 be combined
with a subsequent determination that the trailer 310 1s
parked between the boundaries of the parking space.

In one embodiment, the control module 220 determines
the onset of the trailer 310 positioning to align between the
boundaries of a parking space by using the critenia that
defines thresholds/conditions associated with the onset. As
with other aspects of the trailer system 170, the criteria can
be implemented with varying degrees of specificity and
characteristics depending on a particular implementation.
For example, 1n one approach, the trailer system 170 defines
the criteria as a threshold distance between two solid lines
and indicating a magnitude of distance from solid lines of a
parking space to trigger a response by the control module
220. It should be appreciated that while the distance thresh-
old 1s discussed as a binary trigger, a response of the system
170 can include varying tiers (1.€., degrees/combinations) of
controls according to distances between solid lines of a
parking space once the 1nitial distance threshold 1s satisfied.

In either case, the control module 220, 1n one or more
embodiments, functions to control the trailer 310 according
to the position of the trailer as 1t moves between the
boundaries of a parking space or as it moves to any other
requested position. As such, the control module 220, upon
determining that the threshold distance satisfies the parking
criteria, decides to disengage hitchless maneuvering.

Alternatively, the control module 220 determines whether
to disengage hitchless maneuvering of the trailer 310 based
on an electronic mput from a machine interface controlled
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by a human driver of the vehicle 100. The machine interface
may be an 1nput device. The mput device communicates a
disengagement request. For example, an occupant may press
a button or interact with a touch screen device 1n a manner
that indicates a request to disengage hitchless maneuvering.
In response to determining to disengage hitchless maneu-
vering, the control module 220 sends a control signal to stop
the trailer 310 from moving any farther. If, however, the
control module 220 determines that hitchless maneuvering
should not be disengaged, the control module 220 continues
identifying and communicating control inputs to cause the
trailer 310 to move accordingly.

Additional aspects of i1mproving trailer control from
within a vehicle will be discussed in relation to FIG. 4. FIG.
4 1llustrates a flowchart of a method 400 that 1s associated
with controlling the trailer 310 from the vehicle 100 without
a physical connection between the vehicle 100 and the trailer
310. Method 400 will be discussed from the perspective of
the trailer system 170 of FIGS. 1, and 2. While method 400
1s discussed in combination with the trailer system 170, 1t
should be appreciated that the method 400 1s not limited to
being implemented within the trailer system 170 but 1s
instead one example of a system that may implement the
method 400. Discussion of the method 400 may include
discussion of FIG. 3 with respect to how the trailer 310
moves 1n response to receiving control inputs from the
trailer system 170 of FIGS. 1 and 2.

At 410, the control module 220 receives a signal to 1nitiate
hitchless maneuvering of a trailer separately from a control-
ling vehicle. In one embodiment, the controlling vehicle 1s
the vehicle 100, and the trailer 1s the trailer 310. In one
embodiment, the mput device includes, for example,
button(s) and a touch screen device. The control module 220
acquires control mput data 240 to i1dentify the signal that
initiates hitchless maneuvering. An occupant (e.g., a driver
or a passenger) generates the signal to initiate hitchless
maneuvering by engaging with, for example, a button or a
touch screen device located 1n the vehicle 100. An occupant
may also generate the signal to initiate hitchless maneuver-
ing by engaging with a remote device, such as a phone or
remote control.

In response to receiving the signal to initiate hitchless
maneuvering, the control module 220 determines whether a
wireless connection exists between the vehicle 100 and the
trailer 310 by i1dentitying the presence ol a wireless con-
nection. If a wireless connection does not exist between the
vehicle 100 and the trailer 310, the control module 220
establishes a wireless connection. For example, the control
module 220 may establish the wireless connection by using
a handshake process. In one approach, the handshake pro-
cess includes identitying a beacon transmitted from the
trailer 310. The control module 220 recognizes the beacon
and attempts to establish a connection by sending a secure
message including credentials of the vehicle 100. A wireless
connection 1s successiully established when the trailer 310
receives the secure message from the control module 220
and responds thereto with, for example, a session key or
other information 1n support of the communication link.

In response to receiving the signal to initiate hitchless
maneuvering and establishing a wireless connection with the
trailer 310, the control module 220 disconnects a physical
connection then-existing between the vehicle 100 and the
trailer 310 to facilitate movement of the trailer 310 separate
from the wvehicle 100. In one embodiment, the control
module 220 controls disconnecting a physical connection by
autonomously unlatching a hitch connecting the vehicle and
the trailer. In one approach, a driver may manually discon-
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nect any physical connection then-existing. Moreover, in
response to receiving the signal to mitiate hitchless maneu-
vering, the control module 220 renders the vehicle 100 1n a
stationary position during trailler maneuvering. In one
embodiment, the control module 220 causes the vehicle 100
to remain stationary by controlling the vehicle 100 to engage
a park function (e.g., a parking selection of a transmission).
The control module 220 may further disable control con-
nections of iput systems of the vehicle 100 that may act as
HMI elements to provide control inputs for maneuvering the
trailer 310 (e.g., braking systems, steering systems, etc.).

At 420, the control module 220 identifies control mnputs
that cause the trailer 310 to maneuver. In one embodiment,
the mput device 1s, for example, a steering wheel, a knob,
button(s), a touch screen device, etc. In one approach, the
input device 1s, for example, a remote device, such as a
phone, remote control, etc. The mput device provides, as
inputs, steering controls. Further, the mput device may
include, as inputs, braking controls and steering controls.
The mnput device may be used to specily which longitudinal
direction the trailer 310 moves 1n (i.e., whether the trailer
310 will move forward or reverse). As such, the control
module 220 1dentifies control inputs by acquiring informa-
tion from an mput device.

At 430, the control module 220 communicates the control
inputs to the trailer 310 to maneuver the trailer 310 accord-
ingly. In one or more arrangements, the control module 220
translates the control mputs into commands for controlling
the trailer. That 1s, the control module 220 may identify an
intent of the control inputs and translate the control iputs
into commands that are interpretable by the trailer 310 for
inducing movements therein. For example, an occupant may
turn the steering wheel or a knob to the right which causes
the control module 220 to identify that the intent of the
control iputs 1s to turn the trailer 310 to the right. As such,
the control module 220 translates the right turn control input
into a command for the trailer 310 to execute. Moreover, the
control module 220, in at least one approach, forms the
communication using a particular protocol to encode the
commands such that the communication between the system
170 and the trailer 310 are secure from malicious interfer-
ence. In this way, the trailer system 170 1s able to remotely
control the trailer 310 while the vehicle 100 remains sta-
tionary.

An occupant may generate control iputs by interacting
with a single mput device within the vehicle 100. For
example, 11 an occupant turns the steering wheel or a knob
capable of controlling the trailer 310 within the vehicle 100
to the left, the control module 220 communicates a left turn
command to the trailer 310. In response, the trailer 310
controls a steering mechamsm of the trailer 310 which
causes the trailer 310 to turn left to the same degree 1n which
the occupant turns the steering wheel or knob. In one
approach, an occupant may generate a speed, longitudinal
direction, and steering input all on a touchpad located within
the vehicle 100. For example, a touchpad may include
interactable virtual buttons or dials that generate control
inputs 1n response to an occupant interacting with the
buttons or dials. In one embodiment, the vehicle 100
includes buttons corresponding to various control inputs
(1.e., buttons to increase/decrease speed of the trailer 310,
buttons to adjust the steering angle of the trailer 310, buttons
to specily a longitudinal direction of travel for the trailer
310, etc.). For example, 1 an occupant interacts with a
button to increase the speed of the trailer 310, the control
module 220 translates the speed control mput into a com-
mand for the trailer 310 to execute accordingly. In one
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configuration, an occupant interacts with a remote device,
such as a phone or remote control to generate control inputs.
For example, an occupant may generate control inputs, such
as the speed, longitudinal direction, and steering controls for
the trailer 310 to execute on a mobile application.

In one approach, an occupant of the vehicle 100 may
generate control mputs by simultaneously interacting with
more than one input device located within the vehicle 100.
For example, an occupant may turn the steering wheel or a
knob to the left while simultaneously applying pressure to
the accelerator pedal. In response, the trailer 310 steers to the
left and accelerates based on the amount the occupant
presses the accelerator pedal. In one embodiment, the occu-
pant may use a touch screen device to mput the speed,
longitudinal direction of travel, and steering angle/direction
for the trailer 310 to execute. For example, an occupant may
use the touchpad to request the trailer 310 to move 1n the
reverse direction at a speed of 2 miles per hour while turming
to the lett at a 45-degree angle. As such, the control module
220 translates the control mputs recerved from the touchpad
into commands for the trailer 310 to execute such that the
trailer 310 reverses at a speed of two miles per hour while
turning to the left at a 45-degree angle. Similarly, an
occupant may use one or more buttons located 1n the vehicle
100 simultaneously to generate multiple control mnputs for
the trailer 310 to execute simultaneously.

At 440, the control module 220 rece1ves trailer feedback.
The control module 220 displays the trailer feedback to an
occupant of the vehicle 100 using a display. The display may
be a heads-up display (HUD), an augmented reality (AR)
display, or another display device located within the vehicle
100 that can display the feedback from the trailer 310. In any
case, the occupant can see how the trailer 310 1s responding
to control imputs entered through the input device on the
display. In one approach, the trailer feedback includes video
data and 1mage data retrieved from sensors located on the
trailer 310. The sensors may include cameras, radars, and
L1DARs that capture real-time image and video data of the
surroundings of the trailer 310. The sensors may be located
on exterior surfaces of the trailer 310 such as to capture an
area that encompasses 360 degrees surrounding the trailer
310. For example, the sensors may be located on a rear
exterior surface of the trailer 310, on the roof of the trailer
310, or above the rear wheels 330(a) and 330(5) of the trailer
310. In one approach, the sensors may capture an area that
encompasses a desired parking position of the trailer 310. An
occupant may input a requested parking position for the
trailer 310 to park in using an mput device (e.g., a touchpad).
In response to receiving the requested parking position, the
control module 220 controls the sensor system to acquire the
sensor data 250 encompassing the requested parking posi-
tion. The control module 220 displays the sensor data 2350
on, for example, a display within the vehicle 100.

At 450, 1n response to recerving feedback from the trailer
310 indicating that the trailer 310 1s within a requested
position, the control module 220 sends a control signal to
stop the trailer 310. In one approach, the control module 220
sends the stop signal to the trailer 310 automatically, based,
at least 1in part, on determining that the trailer 310 1s within
the requested parking position such as, for example, between
the boundaries of a parking space and is longitudinally
centered between the boundaries of the parking space. The
control module 220 may automatically send the stop signal
to the trailer 310 1f the trailer 310 begins to position 1n a
matter that satisfies parking criteria defined by the trailer
system 170. For example, the control module 220 can
pre-emptively prepare a stop signal to send to the trailer 310
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if the trailer 310 becomes positioned between the requested
position, the requested position being between the bound-
aries of a parking space.

In one arrangement, the control module 220 compares
attributes of the detected position of the trailer 310 with the
parking criteria. As previously explained, the control module
220 can perform the comparison to i1dentify whether the
position of the trailer 310 satisfies basic characteristics (e.g.,
a magnitude of distance from the solid lines of a parking
space) or can perform more complex analysis involving the
identification of whether the trailer 310 1s maneuvering 1n a
manner that indicates 1t 1s approaching the requested parking,
position. In either case, the control module 220 compares the
position of the trailer 310 against the parking criteria to
identily whether the trailer 310 1s 1n a requested parking
position. As such, the control module 220 sends the control
signal to stop the trailer 310 1n response to determining that
the position of the trailer 310 satisfies the parking criteria.

Alternatively, at 450, the control module 220 sends the
control signal to stop the trailer 310 according to an elec-
tronic input from a machine interface controlled by a human
driver of the vehicle 100. The machine interface may be an
input device, where the mput device communicates a dis-
engagement request. For example, an occupant may press a
button, interact with a touchpad, or interact with a remote
device 1n a manner that indicates a request to disengage
hitchless maneuvering. In one approach, a touchpad may
have a virtual “stop” button that an occupant presses to
generate the control signal to stop the trailer 310. In one
arrangement, an occupant engages a “stop” button located 1n
the interior of the vehicle 100 to generate the control signal
to stop the trailer 310. In response to recerving the control
signal to stop the trailer 310, the control module 220 sends
a control signal to stop the trailer 310 from moving any
farther. If, however, the control module 220 does not receive
a control signal to stop the trailer 310, the control module
220 continues to identily and communicate control inputs as
discussed at block 420. Otherwise, the control module 220
proceeds to halt operation.

FIG. 5 illustrates a flowchart of a method 500 that 1s
associated with improving trailer control from within a
vehicle. The method 500 will be discussed from the per-
spective of the trailer response system 350 of FIG. 3 as it

responds to control inputs from the trailer system 170 of

FIGS. 1 and 2.

At 510, as previously disclosed, the control module 220
receives a signal to imitiate hitchless maneuvering of a trailer
separately from a controlling vehicle. In one embodiment,
the trailer 1s the trailer 310, and the controlling vehicle 1s the
vehicle 100. At the same time, the trailer response module

360 receives the signal to itiate hitchless maneuvering of

the trailer 310. In response to recerving the signal to initiate
hitchless maneuvering of the trailer 310, the response mod-
ule 360 transmits a beacon to set up a wireless connection
with the vehicle 100. In response to transmitting the beacon,
the response module 360 receives a secured message from
the control module 220 which establishes the wireless
connection.

Further, 1n response to receiving the signal to initiate
hitchless maneuvering of the trailer 310, the response mod-
ule 360 activates the mobility component 320 to facilitate
traller maneuvering. The mobility component may be, for

example, a wheel, a gyroscope, or other device capable of

facilitating movement. In one configuration, when the

mobility component 320 1s a wheel, the wheel functions in
accordance with the rear wheels 320(a) and 330(5) and
steers the trailer 310. In one arrangement, when the mobility

10

15

20

25

30

35

40

45

50

55

60

65

14

component 320 1s a gyroscope, the gyroscope balances the
trailer 310 on the rear wheels 320(a) and 320(d). When the
mobility component 320 1s not activated, 1t may be stored,
for example, 1n a retracted position on the undercarriage of
the trailer 310. The mobility component 320 may 1nclude a
telescoping support structure to facilitate movement of the
mobility component 320. In one approach, the response
module 360 controls electronic systems of the trailer 310 to
cause the support structure of the mobility component 320 to
extend the mobility component 320 from a retracted position
to the ground.

At 520, the response module 360 receives control inputs
from the control module 220. The control nputs may
include, for example, speed controls, steering controls, and
braking controls. The response module 360 translates con-
trol inputs 1nto executable instructions that cause the trailer
310 to move 1n accordance with the control inputs. For
example, the response module 360 may receive a left-turn
steering control when an occupant enters a left-turn control
input using an mput device in the vehicle 100. The response
module 360 translates the left-turn control mput nto a
left-turn command for the trailer 310 to execute.

At 530, the response module 360 executes the control
inputs. For example, 1f the response module 360 receives a
left-turn steering control, the response module 360 controls
a steering mechanism of the trailer 310 to cause the trailer
310 to steer to the leit. In one embodiment, the response
module 360 receives a left-turn steering control as well as a
speed control. Accordingly, the response module 360 con-
trols a steering mechanism and propulsion system of the
trailer 310 to cause the trailer 310 to steer to the left and to
accelerate at the speed corresponding to the speed control.

At 540, the response module 360 sends feedback to the
trailer system 170. In one embodiment, the trailer response
system 350 includes sensors such as, for example, cameras,
that capture real-time 1mage and video data surrounding the
traller 310. The sensors may be located on any exterior
surface of the trailer 310 such as to capture an area that
encompasses 360 degrees surrounding the trailer 310. In one
configuration, the sensors may be located on a rear exterior
surface of the trailer 310, on the roof of the trailer 310, or
above the rear wheels 330(a) and 330(d) of the trailer 310.
In one arrangement, the sensors capture an area that encom-
passes a requested parking position. For example, the sen-
sors may capture real-time 1mage and video data of the
trailer 310 being within the boundaries of a parking space.

At 550, the response module 360 monitors the trailer
response system 3350 for a stop signal from the control
module 220. It the response module 360 does not receive a
stop signal from the control module 220, the response
module 360 continues to receive and interpret control inputs,
as discussed at block 520. Otherwise, the response module
360 proceeds to halt operation.

As a further explanation of how the trailer system 170
improves controlling the trailer 310 separately from the
vehicle 100, an example of a parking sequence associated
with a trailer being wirelessly maneuvered by a vehicle will
now be discussed in relation to FIG. 6. At timestep 600, the
vehicle 100 and the trailer 310 1mitiate hitchless maneuver-
ing. Thus, as discussed previously, at 600, the vehicle 100
and trailer 310 establish a wireless connection and an
existing physical connection between the vehicle 100 and
the trailer 310 disconnects according to communications
received from the control module 220.

At 610 the response module 360 executes control inputs
from the control module 220 and, as shown 1n the example,
begins reversing into a parking space. As illustrated, while
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the control module 220 communicates control inputs to the
response module 360, the vehicle 100 remains stationary. In
contrast, the trailer 310 moves 1n accordance with the
communicated control 1nputs.

FIG. 6 1llustrates a subsequent time step at 620. At 620,
the trailer 310 stops between the boundaries of a parking
space. In one approach, the trailer 310 stops 1n response to
receiving a stop signal from the vehicle 100. After receiving,
the stop signal, the control module 220 disconnects a wire-
less connection between the vehicle 100 and the trailer 310.

As a further explanation of how the trailer system 170
identifies control mputs for controlling the trailer 310 and
receives feedback from the trailer 310, an example interior
view ol the vehicle 100 will now be discussed 1n relation to
FIG. 7. In various implementations, the vehicle 100 includes
at least one machine interface. In one arrangement, the
machine interface 1s a steering wheel 710. In one embodi-
ment, the machine interface 1s a knob, button, or touchpad
720. In one configuration, the interior of the vehicle 100
includes a combination of the steering wheel 710, the knob,
the button, and the touchpad 720 as machine interfaces.
While the steering wheel 710, the knob, the button, and the
touchpad 720 are shown as all being included 1n the vehicle
100, 1t will be understood that the embodiments herein are
not limited to the configuration shown 1n FIG. 7.

Moreover, as disclosed herein, the vehicle 100 includes at
least one display. FI1G. 7 illustrates an exemplary display 730
for recerving feedback from the trailer 310. The display 730
shows real-time 1mage and video data captured by sensors
attached to the trailer 310. While the display 730 1s shown
as being a heads-up display (HUD), 1t will be understood
that the display 730 may be any display installed in the
vehicle 100 including an augmented reality (AR) display.
The display 730 informs subsequent trailer maneuvers for an
occupant of the vehicle 100.

FIG. 1 will now be discussed 1n full detail as an example
environment within which the system and methods dis-
closed herein may operate. In some 1nstances, the vehicle
100 1s configured to switch selectively between different
modes of operation/control according to the direction of one
or more modules/systems of the vehicle 100. In one
approach, the modes include: 0, no automation; 1, driver
assistance; 2, partial automation; 3, conditional automation;
4, high automation; and 5, full automation. In one or more
arrangements, the vehicle 100 can be configured to operate
in only a subset of possible modes.

In one or more embodiments, the vehicle 100 1s an
autonomous vehicle. As used herein, “autonomous vehicle”
refers to a vehicle that 1s capable of operating 1n an autono-
mous mode (e.g., category 5, full automation). “Autono-
mous mode” refers to navigating and/or maneuvering the
vehicle 100 along a travel route using one or more comput-
ing systems to control the vehicle 100 with minimal or no
input from a human driver. In one or more embodiments, the
vehicle 100 1s highly automated or completely automated. In
one embodiment, the vehicle 100 1s configured with one or
more semi-autonomous operational modes 1n which one or
more computing systems perform a portion of the navigation
and/or maneuvering of the vehicle along a travel route, and
a vehicle operator (1.e., driver) provides inputs to the vehicle
to perform a portion of the navigation and/or maneuvering,
of the vehicle 100 along a travel route.

The vehicle 100 can include one or more processors 110.
In one or more arrangements, the processor(s) 110 can be a
main processor of the vehicle 100. For instance, the proces-
sor(s) 110 can be an electronic control umt (ECU), and
application specific mtegrated circuit (ASIC), a micropro-
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cessor, etc. The vehicle 100 can include one or more data
stores 115 for storing one or more types of data. The data
store 115 can include volatile and/or non-volatile memory.
Examples of suitable data stores 115 include RAM (Random
Access Memory), flash memory, ROM (Read Only
Memory), PROM (Programmable Read-Only Memory),
EPROM (Erasable Programmable Read-Only Memory),
EEPROM (FElectrically Erasable Programmable Read-Only
Memory), registers, magnetic disks, optical disks, and hard
drives. The data store 115 can be a component of the
processor(s) 110, or the data store 115 can be operatively
connected to the processor(s) 110 for use thereby. The term
“operatively connected,” as used throughout this descrip-
tion, can include direct or indirect connections, including
connections without direct physical contact.

In one or more arrangements, the one or more data stores
115 can include map data 116. The map data 116 can include
maps of one or more geographic areas. In some 1nstances,
the map data 116 can include information or data on roads,
traflic control devices, road markings, structures, features,
and/or landmarks in the one or more geographic areas. The
map data 116 can be 1n any suitable form. In some instances,
the map data 116 can include aerial views of an area. In some
instances, the map data 116 can include ground views of an
area, including 360-degree ground views. The map data 116
can include measurements, dimensions, distances, and/or
information for one or more 1tems included in the map data
116 and/or relative to other items included 1n the map data
116. The map data 116 can include a digital map with
information about road geometry.

In one or more arrangements, the map data 116 can
include one or more terrain maps 117. The terrain map(s)
117 can include information about the terrain, roads, sur-
taces, and/or other features of one or more geographic areas.
The terrain map(s) 117 can include elevation data in the one
or more geographic areas. The terrain map(s) 117 can define
one or more ground surfaces, which can include paved
roads, unpaved roads, land, and other things that define a
ground surface.

In one or more arrangements, the map data 116 can
include one or more static obstacle maps 118. The static
obstacle map(s) 118 can include information about one or
more static obstacles located within one or more geographic
areas. A ““static obstacle” 1s a physical object whose position
does not change or substantially change over a period of
time and/or whose size does not change or substantially
change over a period of time. Examples of static obstacles
can include trees, buildings, curbs, fences, railings, medians,
utility poles, statues, monuments, signs, benches, furniture,
mailboxes, large rocks, hills. The static obstacles can be
objects that extend above ground level. The one or more
static obstacles included 1n the static obstacle map(s) 118
can have location data, size data, dimension data, material
data, and/or other data associated with 1t. The static obstacle
map(s) 118 can include measurements, dimensions, dis-
tances, and/or information for one or more static obstacles.
The static obstacle map(s) 118 can be high quality and/or
highly detailed. The static obstacle map(s) 118 can be
updated to retlect changes within a mapped area.

The one or more data stores 115 can include sensor data
119. In this context, “sensor data” means any information
about the sensors that the vehicle 100 1s equipped with,
including the capabilities and other information about such
sensors. As will be explained below, the vehicle 100 can
include the sensor system 120. The sensor data 119 can
relate to one or more sensors of the sensor system 120. As
an example, 1n one or more arrangements, the sensor data
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119 can include information about one or more LIDAR
sensors 124 of the sensor system 120.

In some 1nstances, at least a portion of the map data 116
and/or the sensor data 119 can be located 1n one or more data
stores 115 located onboard the vehicle 100. Alternatively, or
in addition, at least a portion of the map data 116 and/or the
sensor data 119 can be located 1n one or more data stores 115
that are located remotely from the vehicle 100.

As noted above, the vehicle 100 can include the sensor
system 120. The sensor system 120 can include one or more
sensors. “Sensor” means a device that can detect, and/or
sense something. In at least one embodiment, the one or
more sensors detect, and/or sense in real-time. As used
herein, the term “real-time” means a level of processing
responsiveness that a user or system senses as sufliciently
immediate for a particular process or determination to be
made, or that enables the processor to keep up with some
external process.

In arrangements 1n which the sensor system 120 includes
a plurality of sensors, the sensors may function indepen-
dently or two or more of the sensors may function in
combination. The sensor system 120 and/or the one or more
sensors can be operatively connected to the processor(s)
110, the data store(s) 115, and/or another element of the
vehicle 100. The sensor system 120 can produce observa-
tions about a portion of the environment of the vehicle 100
(e.g., nearby vehicles).

The sensor system 120 can include any suitable type of
sensor. Various examples of diflerent types of sensors will be
described herein. However, 1t will be understood that the
embodiments are not limited to the particular sensors
described. The sensor system 120 can include one or more
vehicle sensors 121. The vehicle sensor(s) 121 can detect
information about the vehicle 100 1tself. In one or more
arrangements, the vehicle sensor(s) 121 can be configured to
detect position and orientation changes of the vehicle 100,
such as, for example, based on inertial acceleration. In one
or more arrangements, the vehicle sensor(s) 121 can include
one or more accelerometers, one or more gyroscopes, an
inertial measurement unit (IMU), a dead-reckoning system,
a global navigation satellite system (GNSS), a global posi-
tioming system (GPS), a navigation system 147, and/or other
suitable sensors. The vehicle sensor(s) 121 can be config-
ured to detect one or more characteristics of the vehicle 100
and/or a manner 1n which the vehicle 100 1s operating. In one
or more arrangements, the vehicle sensor(s) 121 can include
a speedometer to determine a current speed of the vehicle
100.

Alternatively, or in addition, the sensor system 120 can
include one or more environment sensors 122 configured to
acquire data about an environment surrounding the vehicle
100 in which the vehicle 100 1s operating. “Surrounding
environment data” includes data about the external environ-
ment 1n which the vehicle 1s located or one or more portions
thereof. For example, the one or more environment sensors
122 can be configured to sense obstacles 1n at least a portion
of the external environment of the vehicle 100 and/or data
about such obstacles. Such obstacles may be stationary
objects and/or dynamic objects. The one or more environ-
ment sensors 122 can be configured to detect other things in
the external environment of the vehicle 100, such as, for
example, lane markers, signs, trathc lights, traflic signs, lane
lines, crosswalks, curbs proximate the vehicle 100, off-road
objects, etc.

Various examples of sensors of the sensor system 120 waill
be described herein. The example sensors may be part of the
one or more environment sensors 122 and/or the one or more
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vehicle sensors 121. However, 1t will be understood that the
embodiments are not limited to the particular sensors
described.

As an example, 1n one or more arrangements, the sensor
system 120 can include one or more of each of the follow-
ing: radar sensors 123, LIDAR sensors 124, sonar sensors
125, weather sensors, haptic sensors, locational sensors,
and/or one or more cameras 126. In one or more arrange-
ments, the one or more cameras 126 can be high dynamic
range (HDR) cameras, stereo or infrared (IR) cameras.

The vehicle 100 can include an mmput system 130. An
“mput system” 1includes components or arrangement or
groups thereol that enable various entities to enter data into
a machine. The mput system 130 can receive an mput from
a vehicle occupant. The vehicle 100 can include an output
system 135. An “output system” includes one or more
components that facilitate presenting data to a vehicle occu-
pant.

The vehicle 100 can include one or more vehicle systems
140. Various examples of the one or more vehicle systems
140 are shown in FIG. 1. However, the vehicle 100 can
include more, fewer, or different vehicle systems. It should
be appreciated that although particular vehicle systems are
separately defined, each or any of the systems or portions
thereol may be otherwise combined or segregated via hard-
ware and/or soitware within the vehicle 100. The vehicle
100 can include a propulsion system 141, a braking system
142, a steering system 143, throttle system 144, a transmis-
sion system 143, a signaling system 146, and/or a navigation
system 147. Each of these systems can include one or more
devices, components, and/or a combination thereof, now
known or later developed.

The navigation system 147 can include one or more
devices, applications, and/or combinations thereof, now
known or later developed, configured to determine the
geographic location of the vehicle 100 and/or to determine
a travel route for the vehicle 100. The navigation system 147
can 1mclude one or more mapping applications to determine
a travel route for the vehicle 100. The navigation system 147
can include a global positioning system, a local positioning
system or a geolocation system.

The processor(s) 110, the trailer system 170, and/or the
autonomous driving module(s) 160 can be operatively con-
nected to communicate with the various vehicle systems 140
and/or individual components thereof. For example, return-
ing to FIG. 1, the processor(s) 110 and/or the autonomous
driving module(s) 160 can be 1n communication to send
and/or receive mformation from the various vehicle systems
140 to control the movement of the vehicle 100. The
processor(s) 110, the trailer system 170, and/or the autono-
mous driving module(s) 160 may control some or all of the
vehicle systems 140 and, thus, may be partially or fully
autonomous as defined by SAE 0 to 5.

The processor(s) 110, the trailer system 170, and/or the
autonomous driving module(s) 160 can be operatively con-
nected to communicate with the various vehicle systems 140
and/or individual components thereof. For example, return-
ing to FIG. 1, the processor(s) 110, the trailer system 170,
and/or the autonomous driving module(s) 160 can be 1n
communication to send and/or receive information from the
various vehicle systems 140 to control the movement. of the
vehicle 100. The processor(s) 110, the trailer system 170,
and/or the autonomous driving module(s) 160 may control
some or all of the vehicle systems 140.

The processor(s) 110, the trailer system 170, and/or the
autonomous driving module(s) 160 may be operable to
control the navigation and maneuvering of the vehicle 100
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by controlling one or more of the vehicle systems 140 and/or
components thereol. For instance, when operating i an
autonomous mode, the processor(s) 110, the trailer system
170, and/or the autonomous driving module(s) 160 can
control the direction and/or speed of the vehicle 100. The
processor(s) 110, the trailer system 170, and/or the autono-
mous driving module(s) 160 can cause the vehicle 100 to
accelerate, decelerate, and/or change direction. As used
herein, “cause” or “causing’” means to make, force, compel,
direct, command, instruct, and/or enable an event or action
to occur or at least be 1n a state where such event or action
may occur, etther 1n a direct or indirect manner.

The vehicle 100 can include one or more actuators 150.
The actuators 150 can be element or combination of ele-
ments operable to alter one or more of the vehicle systems
140 or components thereof to responsive to recerving signals
or other inputs from the processor(s) 110 and/or the autono-
mous driving module(s) 160. For instance, the one or more
actuators 150 can include motors, pneumatic actuators,
hydraulic pistons, relays, solenoids, and/or piezoelectric
actuators, just to name a few possibilities.

The vehicle 100 can include one or more modules, at least
some of which are described herein. The modules can be
implemented as computer-readable program code that, when
executed by a processor 110, implement one or more of the
various processes described herein. One or more of the
modules can be a component of the processor(s) 110, or one
or more of the modules can be executed on and/or distrib-
uted among other processing systems to which the
processor(s) 110 1s operatively connected. The modules can
include mstructions (e.g., program logic) executable by one
or more processor(s) 110. Alternatively, or 1n addition, one
or more data store 115 may contain such instructions.

In one or more arrangements, one or more of the modules
described herein can include artificial intelligence elements,
¢.g., neural network, tuzzy logic or other machine learning
algorithms. Further, in one or more arrangements, one or
more of the modules can be distributed among a plurality of
the modules described herein. In one or more arrangements,
two or more of the modules described herein can be com-
bined into a single module.

The vehicle 100 can include one or more autonomous
driving modules 160. The autonomous driving module(s)
160 can be configured to recerve data from the sensor system
120 and/or any other type of system capable of capturing
information relating to the vehicle 100 and/or the external
environment of the vehicle 100. In one or more arrange-
ments, the autonomous driving module(s) 160 can use such
data to generate one or more driving scene models. The
autonomous driving module(s) 160 can determine position
and velocity of the vehicle 100. The autonomous driving
module(s) 160 can determine the location of obstacles,
obstacles, or other environmental features including traflic
signs, trees, shrubs, neighboring vehicles, pedestrians, etc.

The autonomous driving module(s) 160 can be configured
to receive, and/or determine location information for
obstacles within the external environment of the vehicle 100
for use by the processor(s) 110, and/or one or more of the
modules described herein to estimate position and orienta-
tion of the vehicle 100, vehicle position 1 global coordi-
nates based on signals from a plurality of satellites, or any
other data and/or signals that could be used to determine the
current state of the vehicle 100 or determine the position of
the vehicle 100 with respect to 1ts environment for use in
either creating a map or determining the position of the
vehicle 100 1n respect to map data.
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The autonomous driving module(s) 160 either indepen-
dently or in combination with the trailer system 170 can be
configured to determine travel path(s), current autonomous
driving maneuvers for the vehicle 100, future autonomous
driving maneuvers and/or modifications to current autono-
mous driving maneuvers based on data acquired by the
sensor system 120, driving scene models, and/or data from
any other suitable source such as determinations from the
sensor data 250 as implemented by the control module 220.
“Driving maneuver’ means one or more actions that affect
the movement of a vehicle. Examples of dniving maneuvers
include: accelerating, decelerating, braking, turning, moving
in a lateral direction of the vehicle 100, changing travel
lanes, merging into a travel lane, and/or reversing, just to
name a few possibilities. The autonomous driving module(s)
160 can be configured can be configured to implement
determined driving maneuvers. The autonomous driving
module(s) 160 can cause, directly or indirectly, such autono-
mous driving maneuvers to be implemented. As used herein,
“cause” or “‘causing’ means to make, command, instruct,
and/or enable an event or action to occur or at least be 1n a
state where such event or action may occur, either 1n a direct
or indirect manner. The autonomous driving module(s) 160
can be configured to execute various vehicle functions
and/or to transmit data to, receive data from, interact with,
and/or control the vehicle 100 or one or more systems
thereof (e.g., one or more of vehicle systems 140).

Detailed embodiments are disclosed herein. However, 1t 1s
to be understood that the disclosed embodiments are
intended only as examples. Theretfore, specific structural and
functional details disclosed herein are not to be interpreted
as limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled 1n the art to
variously employ the aspects herein 1n virtually any appro-
priately detailed structure. Further, the terms and phrases
used herein are not mtended to be limiting but rather to
provide an understandable description of possible 1mple-
mentations. Various embodiments are shown in FIGS. 1-7,
but the embodiments are not limited to the illustrated
structure or application.

The flowcharts and block diagrams 1n the figures illustrate
the architecture, functionality, and operation ol possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments. In this
regard, each block in the flowcharts or block diagrams may
represent a module, segment, or portion of code, which
comprises one or more executable mnstructions for 1mple-
menting the specified logical function(s). It should also be
noted that, 1n some alternative implementations, the func-
tions noted in the block may occur out of the order noted in
the figures. For example, two blocks shown in succession
may, i fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality 1nvolved.

The systems, components and/or processes described
above can be realized in hardware or a combination of
hardware and software and can be realized 1n a centralized
fashion 1n one processing system or 1n a distributed fashion
where different elements are spread across several intercon-
nected processing systems. Any kind of processing system
or another apparatus adapted for carrying out the methods
described herein 1s suited. A typical combination of hard-
ware and software can be a processing system with com-
puter-usable program code that, when being loaded and
executed, controls the processing system such that it carries
out the methods described herein. The systems, components
and/or processes also can be embedded in a computer-
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readable storage, such as a computer program product or
other data programs storage device, readable by a machine,
tangibly embodying a program of istructions executable by
the machine to perform methods and processes described
herein. These elements also can be embedded 1 an appli-
cation product which comprises all the features enabling the
implementation of the methods described herein and, which
when loaded in a processing system, 1s able to carry out
these methods.

Furthermore, arrangements described herein may take the
form of a computer program product embodied 1n one or
more computer-readable media having computer-readable
program code embodied, e.g., stored, thereon. Any combi-
nation of one or more computer-readable media may be
utilized. The computer-readable medium may be a com-
puter-readable signal medium or a computer-readable stor-
age medium. The phrase “computer-readable storage
medium” means a non-transitory storage medium. A com-
puter-readable storage medium may be, for example, but not
limited to, an electronic, magnetic, optical, electromagnetic,
inirared, or semiconductor system, apparatus, or device, or
any suitable combination of the foregoing. More speciiic
examples (a non-exhaustive list) of the computer-readable
storage medium would include the following: a portable
computer diskette, a hard disk drive (HDD), a solid-state
drive (SSD), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), a portable compact disc read-only memory (CD-
ROM), a digital versatile disc (DVD), an optical storage
device, a magnetic storage device, or any suitable combi-
nation of the foregoing. In the context of this document, a
computer-readable storage medium may be any tangible
medium that can contain, or store a program for use by or in
connection with an 1nstruction execution system, apparatus,
or device.

Generally, modules as used herein include routines, pro-
grams, objects, components, data structures, and so on that
perform particular tasks or implement particular data types.
In further aspects, a memory generally stores the noted
modules. The memory associated with a module may be a
bufler or cache embedded within a processor, a RAM, a
ROM, a tlash memory, or another suitable electronic storage
medium. In still further aspects, a module as envisioned by
the present disclosure 1s implemented as an application-
specific integrated circuit (ASIC), a hardware component of
a system on a chip (SoC), as a programmable logic array
(PLA), or as another suitable hardware component that 1s
embedded with a defined configuration set (e.g., struc-
tions) for performing the disclosed functions.

Program code embodied on a computer-readable medium
may be transmitted using any appropriate medium, includ-
ing but not limited to wireless, wireline, optical fiber, cable,
RFE, etc., or any suitable combination of the foregoing.
Computer program code for carrying out operations for
aspects of the present arrangements may be written in any
combination of one or more programming languages,
including an object-oriented programming language such as
Java™ Smalltalk, C++ or the like and conventional proce-
dural programming languages, such as the “C” program-
ming language or similar programming languages. The
program code may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer, or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
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arca network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider).

The terms ““a” and ““an,” as used herein, are defined as one
or more than one. The term “plurality,” as used herein, 1s
defined as two or more than two. The term “another,” as used
herein, 1s defined as at least a second or more. The terms
“including™ and/or “having,” as used herein, are defined as
comprising (i1.e., open language). The phrase “at least one
of ...and...” as used herein refers to and encompasses
any and all possible combinations of one or more of the
associated listed 1tems. As an example, the phrase “at least
one of A, B, and C” includes A only, B only, C only, or any
combination thereof (e.g., AB, AC, BC or ABC).

Aspects herein can be embodied 1in other forms without
departing from the spirit or essential attributes thereof.
Accordingly, reference should be made to the following
claims, rather than to the foregoing specification, as indi-
cating the scope hereof.

What 1s claimed 1s:

1. A system, comprising;

One Or mMore pProcessors;

a memory communicably coupled to the one or more

processors and storing:

a control module including instructions that when

executed by the one or more processors cause the one
Or more processors to:
in response to receiving a signal to initiate hitchless
maneuvering of a trailer separately from a control-
ling vehicle:
cause a physical connection between the trailer and
the controlling vehicle to disconnect,
responsive to the disconnect, transmit a signal to
cause the trailer to activate a mobility component
for maneuvering the trailer independent of the
controlling vehicle, the mobility component
including a gyroscope that balances the trailer on
rear wheels,
disable control connections of mput devices within
the controlling vehicle that maneuver the control-
ling vehicle, and
enable remote control of the trailer using the 1nput
devices within the controlling vehicle;
acquire control inputs to maneuver the trailer from the
input devices within the controlling vehicle;
communicate, from the controlling vehicle to the
trailer, the control inputs to maneuver the trailer; and
in response to receiving feedback from the trailer
indicating the trailer 1s within a requested position,
send a control signal to stop the trailer.

2. The system of claim 1, wherein the control module
includes 1nstructions to communicate the control inputs
while the controlling vehicle remains 1n a stationary posi-
tion.

3. The system of claim 1, wherein the control module
includes instructions to generate the control signal according
to one ol: an electronic mput from a machine interface
controlled by a human driver and automatically based, at
least 1 part, on determiming the trailer 1s within the
requested position.

4. The system of claim 1, wherein the control mputs to

maneuver the trailer include control 1inputs to maneuver the
trailer 1n at least a longitudinal direction.
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5. The system of claim 1, wherein the feedback 1s at least
one of: video data and 1mage data of the trailer; and

the control module includes mstructions to display the at

least one of the video data and the image data of the
traller on a display located within the controlling
vehicle.

6. The system of claim 1, wherein the mput devices
include a steering wheel, a brake pedal, and an accelerator
pedal.

7. The system of claim 1, wherein the control inputs
include at least one of speed controls, braking controls, and
steering controls.

8. The system of claim 1, wherein the requested position
1s a position 1n between markings indicating a parking space.

9. A non-transitory computer-readable medium including,
instructions that when executed by one or more processors
cause the one or more processors to:

responsive to receiving a signal to imtiate hitchless

maneuvering of a trailer separately from a controlling

vehicle:

cause a physical connection between the trailer and the
controlling vehicle to disconnect,

responsive to the disconnect, transmit a signal to cause
the trailer to activate a mobility component for
maneuvering the trailer independent of the control-
ling vehicle, the mobility component including a
gyroscope that balances the trailer on rear wheels,

disable control connections of input devices within the
controlling vehicle that maneuver the controlling
vehicle, and

cnable remote control of the trailer using the nput
devices within the controlling vehicle;

acquire control inputs to maneuver the trailer from the

input devices within the controlling vehicle;
communicate, from the controlling vehicle to the trailer,
the control mputs to maneuver the trailer; and
responsive to receiving feedback from the trailer indicat-
ing the trailer 1s within a requested position, send a
control signal to stop the trailer.

10. The non-transitory computer-readable medium of
claim 9, wherein the 1nstructions to communicate the control
inputs to the trailer include instructions to communicate the
control inputs while the controlling vehicle remains 1n a
stationary position.

11. The non-transitory computer-readable medium of
claim 9, wherein the instructions to send the control signal
to stop the trailer include nstructions to generate the control
signal according to one of: an electronic mput from a
machine interfaced controlled by a human driver and auto-
matically based, at least 1n part, on determining the trailer 1s
within the requested position.

12. The non-transitory computer-readable medium of
claiam 9, wherein the instructions to acquire the control
inputs to maneuver the trailer include nstructions to acquire
the control mputs to maneuver the trailer in at least a
longitudinal direction.

13. The non-transitory computer-readable medium of
claim 9, wherein receiving the feedback includes receiving
at least one of: video data and 1mage data of the trailer; and
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wherein the non-transitory computer-readable medium
includes 1nstructions to display the at least one of the
video data and the image data of the trailer on a display
located within the vehicle.

14. A method, comprising;

in response to recerving a signal to initiate hitchless

maneuvering ol a trailer separately from a controlling

vehicle:

causing a physical connection between the trailer and
the controlling vehicle to disconnect,

responsive to the disconnect, transmitting a signal to
cause the trailer to activate a mobility component for
maneuvering the trailer independent of the control-
ling vehicle, the mobility component including a
gyroscope that balances the trailer on rear wheels,

disabling control connections of mput devices within
the controlling vehicle that maneuver the controlling
vehicle, and

ecnabling remote control of the trailer using the mput
devices within the controlling vehicle;

acquiring control mputs to maneuver the trailer from the

input devices within the controlling vehicle;
communicating, from the controlling vehicle to the trailer,
the control inputs to maneuver the trailer; and

in response to receiving feedback from the trailer indi-

cating the trailer 1s within a requested position, sending
a control signal to stop the trailer.

15. The method of claim 14, wherein communicating the
control mputs to the trailer includes communicating the
control iputs while the controlling vehicle remains 1n a
stationary position and, wherein transmitting the signal to
cause the mobility component to activate further includes
rendering the control vehicle stationary by automatically
engaging a park function of the controlling vehicle.

16. The method of claim 14, wherein sending the control
signal to stop the trailer includes generating the control
signal according to one of: an electronic mput from a
machine interface controlled by a human driver and auto-
matically based, at least 1n part, on determining the trailer 1s
within the requested position.

17. The method of claim 14, wherein acquiring the control
inputs to maneuver the trailer includes acquiring the control
inputs to maneuver the trailer 1n at least a longitudinal
direction.

18. The method of claim 14, wherein receiving the
teedback includes receiving at least one of: video data and
image data of the trailer; and

displaying the at least one of the video data and the image

data of the ftrailer on a display located within the
controlling vehicle.

19. The method of claim 14, wherein acquiring the control
inputs to maneuver the trailer includes acquiring the control
inputs from a steering wheel a brake pedal, and an accel-
erator pedal.

20. The method of claim 14, wherein acquiring the control
inputs includes acquiring at least one of speed controls,
braking controls, and steering controls.
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